Abstract: Percentage of bats in tawny owls' diet was compared in three periods: I -before 1976, II -1976, III -1993-2009, by using the published and unpublished material from Poland (only samples over 100 vertebrate prey items). This species of owl showed an opportunistic predation on bats and took them more frequently in periods of higher abundance. Before the mass use of toxic pesticides in Poland, in the period I bats constituted more than 2% of vertebrates in four out of five diet samples (median 2.4%). The lowest bat abundance occurred in Poland in the 1980s and resulted in the lowest percentage of bats taken by owls in the period II (n = 11, median 0.2%). Due to the recovery of bat populations in the period III, the percentage of bats in tawny owls' diet increased (n = 23, median 0.7%). In large samples (over 200 vertebrate items, n = 21) collected in central and north-eastern Poland the percentage of bats increased from 1980 to 2009 (the estimated average value at the end of that period slightly exceeded 1%). Samples collected at the same five sites in 1975-1992 and again in 2000-2009, confirmed the increasing trend in percentage of bats captured by tawny owls noted in last years.
Introduction
Opportunistic predators or generalists can exploit a wide range of food sources and change their diet according to a local food base. Increasing density of a potential prey results in shifting to that item, especially if the currently exploited species decrease in abundance. These predators are not-specialized in a narrow group of prey as it is in specialists (Andersson & Erlinge 1977) . Predators show an opportunism, highly expressed in the case of species occasionally taken that usually are not abundant but sometimes occur in large numbers.
Several studies on the diet of owls, including the tawny owl Strix aluco L., 1758, suggest that their predation on bats shows an opportunistic nature. Normally bats constitute a small part of tawny owls' food (Uttendörfer 1952; Southern 1954; Schnurre 1961; Wendland 1980; Mikkola 1983; Yalden 1985; Dzjamjanczyk 1988; Goszczyński et al. 1993; Zalewski 1994; Obuch 2003; Balčiauskienė 2005) . They are more frequently captured by owls in habitats characterised by abundant bat assemblages (Schmidt & Topál 1971; Goszczyński 1981; Bekker & Mostert 1991; Kowalski & Lesiński 2002) . It is specially remarkable in cases of the presence of bat concentrations in the raptor's hunting area. Bat share in the diet of tawny owls rose markedly at sites situated close to large hibernacula (Kowalski & Lesiński 1990; Obuch 1998; Lesiński et al. 2009b) or abundant maternity colonies (Julian & Altringham 1994) . Similar opportunism in taking bats from their large colonies is also known for other groups of predators: birds of prey (Lee & Kuo 2001) or the stone marten Martes foina (Erxleben, 1777) (Urbańczyk 1981; Tryjanowski 1997) .
Recently, there was also pointed out that during a longer period (2-3 decades) tawny owls could take bats more frequently along the increasing trend in bat abundance in raptors' hunting areas (Lesiński et al. 2008 ). In Poland due to the use of toxic pesticides that took place mostly in late 1960s and 1970s the numbers of bat assemblages declined rapidly, reaching the minimum values probably in the 1980s (Węgiel et al. 2001) . Since the use of these substances has been reduced in the last years, slow rebuilding tendency has been noted (Lesiński et al. 2005; Nowak & Grzywiński 2007) . Similar pattern and reasons of long-term changes in numbers were also reported (though earlier) in Western Europe for other species, eg birds of prey (Newton & Wyllie 1992; Tucker & Heath 1994) .
The aim of this paper was to check long-term changes in percentage of bats in the tawny owl's diet in entire Poland's territory, and to compare samples from the periods of different bat abundance. Due to the opportunistic nature of bat predation by owls, an expectation was that bats were captured the least frequently in 1980s with an increasing tendency in the last two decades.
Material and methods

Analysed samples
The published and unpublished author's data on the diet of tawny owls collected in Poland to date were included into c 2010 Institute of Zoology, Slovak Academy of Sciences this analysis (only samples containing over 100 vertebrate prey items). Samples from forest interiors collected at sites situated more than 500 m from the edge, both unpublished and published, were presented separately, as tawny owls in such locations take bats relatively rarely comparing to other locations (Lesiński et al. 2009a ). Most pellets were fresh (rarely coming from last years) and represented year-round samples of food. The material as a whole contained 32,542 vertebrates: 5,667 including 5 bats from forest interiors, and 26,875 including 209 bats from other sites (Appendix 1). Percentage of bats within the vertebrate prey was the main parameter for comparisons between different periods from the 1950s to 2009. The year of pellets' collection or the mean year, if they were collected during a longer period, was used for calculations.
In the area of intensive studies (central and northeastern Poland) 21 large samples (each over 200 prey items) were collected. The material from a large bat hibernaculum (Kowalski & Lesiński 1990; Lesiński et al. 2009b) was not included to the analysis as well as some other incomplete data (without some information). In two papers the bat percentage within mammals was presented (Jaskowski 1956; Kowalski 1961) . To make those samples comparable to other ones, the percent of bats was recalculated taking into account the mean percentage of mammals in tawny owls' vertebrate prey at such locations: ca. 60% for sites situated outside forests, and ca. 70% for sites situated at forest edges (Lesiński et al. 2009a) . At five sites the samples were collected both in years 1975-1992 and 2000-2009 .
Statistical analyses
Kruskal-Wallis test was used to compare the median values of bat percentage within vertebrate prey between three study periods, with Dunn's post hoc test. Similar changes at individual sites, where samples were collected during two periods, were tested by using the Wilcoxon matched pairs test. Regression analysis showed the relationship between the frequency of bat occurrence in the samples of tawny owls' diet and the year of study. The adopted significance level was P = 0.05.
Results
Whole country
Although the data from Poland came from various habitats and regions, the percentage of bats in tawny owls' diet showed statistically important differences between three study periods (samples from forest interiors were excluded): H 2,39 = 13.20, P = 0.001, for pair-wise comparisons -Dunn 's test: before 1976 vs. 1976-1992, P = 0.004, and 1976-1992 vs. 1993-2009 , P = 0.009.
The values reported in years 1976-1992 were not higher than 0.5%, while in the last 17 years the samples in which bats constituted over 0.5% of prey occurred frequently. However, there were only five samples collected before 1976 and percentage of bats showed variability, in that period the highest median value of bats within vertebrate prey was recorded (2.4%), comparing to 0.2% in years 1976-1992, and 0.7% in years 1993-2009 (Fig. 1) . In samples collected in forest interiors bats were usually absent (in 5 out of 8 presented). 
Central and northeastern region
In this part of the country the relationship between bat percentage in owls' diet in large samples collected on individual sites (each comprising at least 200 prey items, n = 21) and the year (or mean year) of pellets' collection (the number after 1980), appeared to be the strongest in a square root-y model: y = (0.03 + 0.04x) 2 , P = 0.0005. At the end of the study period the estimated average share of bats slightly exceeded 1% (Fig. 2) . Obtained R 2 = 0.48 indicates that this relationship explains near a half of the total variability of bat frequencies in the analysed samples. latter period. In all analysed samples there was an increase with the highest differences noted in Lazienki Park (from 0.4% to 4.4%) and Bielany Forest (from 0% to 2.7%).
Individual sites
Discussion
A tawny owl as a generalist takes its main prey -rodents and insectivores -in proportion that reflects their abundance in hunting areas (Goszczyński 1981; Wendland 1984; Bocheński jun. 1990 ). Bats are taken only occasionally (Mikkola 1983; Bekker & Mostert 1991; Goszczyński et al. 1993; Kowalski & Lesiński 2002) , but also in the case of such scarce prey, owls' predation shows an opportunistic nature. In periods of higher abundance of bats they were more frequently captured by tawny owls (Lesiński et al. 2008 (Lesiński et al. , 2009b . The data presented in this paper that show a direct reaction of owls to changes in overall bat abundance in a relatively large area, gave further support to this hypothesis. However, a comparison was made on the material collected in various regions and habitats, it gave relatively high and statistically important differences. This finding suggests crucial changes in bat numbers within the study period and (or) high sensitivity of predators to these changes. Long-term changes in the frequency of bats in tawny owls' diet and the changes in numbers of bats in their hibernacula showed similarity. In 1950s the mean number of Rhinolophus hipposideros (Bechstein, 1800) hibernating in the caves of the Kraków Upland was over ten times higher as compared to situation in 1980s, and markedly increased after 2000 (Table 2 ). An increasing population trend in the last three decades was also described for Barbastella barbastellus (Schreber, 1774) in the Szachownica Cave (Table 2 ) and on some other localities (Lesiński et al. 2005) . The previous paper on bat occurrence in tawny owls' diet in a smaller area near Warsaw confirmed this relationship. The proportion of bats in the diet increased along the increasing bat numbers in local winter roosts that reflects overall bat abundance (Lesiński et al. 2008) .
Slow recovery tendency in bat populations was also noted in other European countries in the last decades (Weinreich & Oude Voshaar 1992; Lustrat & Julien 1997; Řehák & Gaisler 1999; Lutsar et al. 2000; Uhrin et al. 2010 ). At present it should be expected that bats are captured by tawny owls more frequently than in 1970s or 1980s. If the material of pellets from that period as well as from last years were available for other areas in Europe, it would be interesting to verify this expectation.
Large scale changes in percent of bats taken by owls in relation to the abundance of prey were also presented for the barn owl Tyto alba (Scopoli, 1769) in Western Europe. Along the south-north gradient of decreasing densities and shortening time of activity of bats, their share within vertebrate prey fell in the raptors' diet (Perez-Barbería 1991) . In light of the results obtained in Poland (this study), the similar relationship could be also expected for the tawny owl -species with a wide European range from Scandinavia to the Mediterranean region (Mikkola 1983) . No sufficient data on the food composition of this owl have been collected so far along the north-south gradient of its occurrence, but some facts seem to support this statement. In central Norway (63 • N) bats were absent in the tawny owls' diet (Sunde et al. 2001) . In southern Finland (60 o N) and Lithuania (54-55
• N) bats constituted rare prey: 0.3% (Solonen & Karhunen (2002) , and up to 0.2% , respectively, while they are captured markedly more often in • N) -median value 0.7% (this study) and • N) -mean value 1.0% (within vertebrates and invertebrates, so higher within vertebrates only) (Obuch 1998) .
Concluding, the analyses of large samples of the tawny owl's pellets may be used as an additional support to the results of other studies on long-term changes in bat abundance. It would be most credible to collect materials from the same sites, but also in entire large regions we can obtain statistically important differences Table 2 . Indices of bat abundance in the diet of tawny owl (median percentage within vertebrate prey) and in hibernation roosts (mean number of individuals) in decades from 1950 to 2009 . Characteristics 1950 -1959 1960 -1969 1970 -1979 1980 -1989 -1999 2000 -2009 Bats in tawny owls' diet (this study along the trends in bat numbers, as was described in this paper. On the other hand, the data presented here could be an evidence of the recovery of Polish bat populations after the amount of toxic pesticides used in forestry and agriculture has been reduced.
